Introduction
Male androgenetic alopecia (AGA) is the most common type of hair loss in men. It accounts for more than 90% of all cases of alopecia in men (1) . It occurs when genetically predisposed men are exposed to androgens. AGA may negatively affect patient's quality of life and can lead to social and job-related problems
(2)
. AGA can also cause indirect physical harm, such as sunburn as a result of hair loss and exposure to ultraviolet light
(3)
. AGA may also be associated with increased incidence of hypertension, hypercholesterolemia, and myocardial infarction . As multiple factors are implicated in the pathogenesis of AGA and the existing conventional therapies (i.e. FIN and minoxidil) fail to target all of them; the demand for new treatment techniques for AGA is growing (6) . Dutasteride (DST) is a dual 5 α -reductase inhibitor, with some reports about the use of oral DST in the treatment of AGA in men . Hesitancy about the widespread use of oral DST in the treatment of male AGA results from its potential side effects on erectile, ejaculatory functions and fertility
. Mesotherapy using DST has been used in patients with AGA with promising results
(8, 9)
. It is believed that systemic absorption after mesotherapy is equal to after oral DST because the scalp is highly vascular. So the possibility of using DST topically with scalp MN would have some advantages (10) . Microneedling (MN) is a relatively new minimally invasive procedure involving superficial and controlled puncturing of the skin by rolling with miniature fine needles (11) . The use of MN in combination with minoxidil showed promising results in treatment of AGA (6) . Furthermore; the addition of MN to minoxidil and oral FIN improved AGA in patients who were resistant to minoxidil and oral FIN (12) . To the best of our knowledge; the use of MN in combination with DST hasn`t been previously reported. This study was designed to evaluate the efficacy and safety of topical DST with MN in treatment of male AGA. II.1-Pull test: It was done by grasping a small clump about 60 hairs in the index, middle and thumb and pulling hairs gently but with firm pressure. The shed hairs were counted. Normal shedding is 6 or fewer hairs shed and active shedding is more than 6 hairs shed (13) .
Patients and methods

II.2-Grading of AGA:
Patients were graded as one of the 7 stages according to Norwood-Hamilton scale (14) .
II.3-Digital photography:
All patients were digitally photo documented before and after six months of treatment. A picture of the fronto-parietal region was obtained in each patient.
II.4-Trichoscopy:
The trichoscope used in the current study was an epiluminescene digital microscope (compareview A/V; Version 1.5.09). A magnification of (x 50) was used to be able to see the density of the hair follicles, vellus and terminal hairs. A magnification of (x 200) was done to be able to see the caliber of the hair shaft. The frontal area of the scalp of each patient underwent tricoscopic evaluation, before and six months after treatment. Trichoscopic images were taken at the same specific area in the frontal area of each patient.
III-Laboratory investigations
Serum testosterone and dihydrotestosterone (DHT) were performed for patients who received DST before starting therapy and one week after last session. Blood sample was collected in standard plain tubes and serum was separated and test was done by chemi-luminscent microparticles immunoassay using the Architect i system (2 nd generation). The normal reference ranges were (0.47-9.8 ng/ml) for testosterone and (250-990 pg/ml) for DHT. IV-Treatment procedues IV.1) Study groups: This study included 30 male patients with AGA who were randomly divided into 2 groups, each containing 15 patients. Group 1 underwent MN followed by topical application of pure DST (0.02%). Group 2 underwent MN only. IV.2) Microneedling: was done using dermapen, which is a pen like instrument with a handle, a disposable needle cartridge, having 12 needles arranged in rows, and a power button to turn the machine on and off. It has guides to adjust needle length (turning the guide clockwise, the needle length will be longer ranging from (0.25 mm to 2 mm maximum). The frontal area of the scalp of each patient of the two groups was anaesthetized using 10% lidocaine spray. The affected area of the scalp was stretched and MN was carried out in vertical and horizontal directions until mild erythema was noted. The used needle length was 1.5 mm. IV.3) Dutasteride application: was done for group one only. The used DST was medical curemesohair vials (purchased from spain). Each vial contains 5 ml of pure (DST 0.02%). After MN in group 1; topical application of pure DST 0.02% was done drop by drop to a maximum of 2 ml on the treated site of the scalp then followed by MN, in the same directions. IV.4) Treatment schedule: 13 sessions were done according to the following schedule: v Once every week for eight weeks (week 0, 1, 2, 3, 4, 5, 6, 7). v Once every two weeks for one month (week 9, 11). v Once every month for three months (week 15, 19, 23 ).
V-Treatment efficacy assessment:
Assessment was done monthly and one week after the last session (24 th week) depending on: V.1) Grading scale: according to Norwood-Hamilton grading scale.
V.2) Photographic assessment:
Digital photos of the affected region were obtained from patients of the two groups before starting treatment (baseline) and at the end of treatment .
V.3) Phototrichoscope: All patients of the two groups underwent trichoscopic evaluation. Hair images were taken at 50x and 200x fold magnifications at the same affected area in the scalp of each patient before and after six months of treatment with (measurements of the hair density, hair thickness and terminal to vellus hair ratio).
V.4) Patient's self-assessment (Hair growth questionnaire):
Patients assessed their scalp hair at the end of the study using a validated hair growth questionnaire containing four questions on treatment efficacy and three questions on satisfaction with appearance (15) .
V.5) Investigator assessment:
The hair density in the fronto-parietal region was compared to that observed before treatment using a 7-point rating scale: greatly decreased (-3), moderately decreased (-2), slightly decreased (-1), no change (0), slightly increased (+1), moderately increased (+2), and greatly increased (+3) (16) . v Qualitative data were presented as frequencies (n) and percentages (%); using either Chi square test or fisher exact test for comparisons. v P value < 0.05 was considered significant.
VI-Evaluation of treatment
Results
The study included 30 male patients diagnosed as having AGA. The study populations were classified into two groups: group 1 (MN with DST) and group 2 (MN alone). The mean age± SD of the patients was 26.37±4.31 years, with 22 (73.33%) of them from rural areas. The main demographic data in the study groups are shown in table 1. Family history of AGA was positive in 18 (60%) of the patients. There was no statistically significant difference between the two groups as regards family history of AGA. Most of the patients (93.33%) showed gradual onset of hair loss and progressive course was reported in all patients. There was no statistically significant difference between the two groups as regards onset, and duration of hair loss. The highest prevalence of hair loss was in the frontal and vertex regions (50% of patients) ( Table  2) . Only 5 patients (16.67%) had positive pull test. There was no statistically significant difference between Norwood Hamilton classification in the two groups before treatment. As regards to presences of scaly scalp, presences of scars and pulling test results, there was no statistically significant difference between the two groups. There was no statistically significant difference between washing frequency, and cleaning methods in the two groups. None of the patients reported use of hair straighteners or dyes.
There was no statistically significant difference between the two groups as regards hair density at base line and at 6 th month of treatment. There was slight elevation in hair density but with no significant difference between hair density at the baseline and at 6 th month in group1. In group 2; there was small decline in hair density but with no significant difference between hair density at the baseline and at 6 th month. There was significant difference between the change in hair density between the two groups with positive change in group 1 (Table 3) . There was no statistically significant difference between the two groups as regards hair caliber at base line. However; there was statistically significant difference between the two groups as regards hair caliber at 6 th month of treatment. There was increase in hair caliber with significant difference between hair caliber at the baseline and at 6 th month in group 1. There was no significant difference between hair caliber at the baseline and at 6 th month of treatment in group 2. There was highly significant difference between the change in hair caliber before and after treatment between the two groups (Table 4) . There was no statistically significant difference between the two groups as regards terminal/vellus ratio at base line and at 6 th month of treatment. There was elevation in terminal/vellus ratio with significant difference between terminal/vellus ratio at the baseline and at 6 th month in group 1. There was no significant difference between terminal/vellus at the baseline and at 6 th month of treatment in group 2. There was highly significant difference between the change in terminal/vellus before and after treatment between the two groups (Table 5 ). * P value <0.05 was significant. There was statistically significant difference between the two groups as regards all parameters of the patient self-assessment questionnaire. The improvement and satisfaction were better in group 1 (Table 6 ). There was statistically significant difference between group 1 and group 2 as regards the investigator assessment (p value = 0.007). Group 1 showed the highest prevalence of slight increase 9/15 (60%), followed by no change (4/15; 26.67%). However, these changes were not sufficient to produce change in the Norwood-Hamilton classification. In group 2; 13/15 (86.67%) of the patients showed no change in hair density, one patient (6.67%) showed slight increase, and the last patient (6.67%) showed slight decrease (Table 7) . Side effects noted during the study were pain, headache and itching. There was no significant difference in adverse events between the two groups except for itching which was reported only in group 1; in 5 (33.33%) of patients. The most frequent local side effect was pain, followed by mild headache. No cases were reported to have infection, ecchymosis, itching or puffed eyes (Table 8 ). No one of the patients complained of sexual disturbance, breast enlargement or tenderness Testosterone and DHT levels were measured in group 1 only. Total testosterone was in the normal range (0.47-9.8 ng/ml); a fter treatment; there was increase in serum testosterone, but there was no statistically significant difference in mean testosterone level before and after treatment. DHT was in the normal range (250-990 pg/ml); after treatment; there was decline in serum DHT, but there was no statistically significant difference in mean of DHT level before and after treatment (Table 9 ). 
Discussion
The psychosocial impact of AGA may negatively affect patient's quality of life and can lead to personal social and jobrelated problems
(2)
. Oral DST showed promising results in treatment of male AGA, but its use is limited by its side effects. So the possibility of using DST topically with scalp MN would have some advantages (10) . In the present study, the mean age of the patients was 26.37±4.31 years; with mean duration of hair loss was 5.00±2.28 years. There was no significant difference between the study groups as respect to age, duration of baldness and family history. In the current study; analysis of results of trichoscope at baseline showed no statistical differences in hair density, hair shaft diameter and terminal/ vellus ratio between two groups. After 24 week, group 1 showed improvement in hair density with mean percentage of change (12%), but not to the extent of being statistically significant. This can be explained by that anagen phase of scalp hair growth has duration of several years. Therefore, it is possible that longer observation period is needed to obtain significant findings of regrowth of new scalp hair. Regarding group 2 (MN alone); there was statistically insignificant decrease in hair density with mean percentage of change (-4%) after treatment. This decrease can be taken as the "normal" hair loss with AGA, so patients go bald despite therapy. To the best of our knowledge, it is the first study to evaluate the efficacy of topical DST with MN in AGA. However; as regards DST mesotherapy, our results are consistent with a previous study by Abdallah et al.
(8) that reported a significant increase in the mean hair count by (7.7391± 0.104) in 14 male patients with AGA treated for 3 months with mesotherapy using DST 0.05- containing solution (with D-panthenol, biotin and pyridoxine). Also; a more recent study on 5 men with AGA; treated with mesotherapy using DST (0.01%); reported increase of both hair density and hair shaft diameter in trichoscopy after 3 sessions of mesotherapy (one-session treatment every three months)
. On the other hand; as regards MN in treatment of male AGA, increased hair count was previously reported by Dhurat et al.
(6) who found that MN along with minoxidil-treated group was statistically superior to minoxidil alonetreated group in promoting hair growth in men. The mean change in hair count after 3 months was significantly greater for the MN group compared to the minoxidil group (91.4 versus 22.2 respectively). Concerning hair shaft diameter in the present study; group 1 showed 98% as a mean percentage of increase in hair shaft diameter, while group 2 showed minimal statistically insignificant increase with mean percentage of change (3%). This enforces the added value of DST with MN on the MN alone in treatment of AGA. The increase in the hair shaft diameter in MN alone group goes with the alleged role of trauma of MN in improvement of AGA
(9)
. These results are consistent with a previous study on DST mesotherapy using trichogram; which reported statistically significant increase in hair shaft diameter in patients with male AGA receiving mesotherapy with DST (0.05%)-containing solution, and in patients with receiving mesotherapy with pure DST (0.005%)
. The authors also reported mild statistically insignificant increase in mean hair shaft diameter in patients receiving mesotherapy with saline, this goes with the alleged role of trauma of mesotherapy injection in improvement of AGA
. Concerning terminal/ vellus ratio, group 1 showed statistically significant increase by (72%) as a mean percentage of change, versus (4%) mean percentage of change in group 2 which was mild and not statistically significant. The increase in the number of terminal hair in the group 1 suggests a role of DST in reversing the miniaturization process. The minimal improvement noticed in group 2 treated by MN only might be attributed to stimulation of hair growth by the trauma which increases the blood supply to the HF, but it was minimal and not clinically or statistically significant. To the best of our knowledge, none of the previous studies on DST mesotherapy of or MN commented on changes in terminal/ vellus ratio. Concerning patient's self-assessment, as regard to bald spot getting smaller, hair appearance, hair growth, slowing down hair loss and satisfaction about hair, at the front, on the top and overall satisfaction. Group 1 showed statistically significant difference than group 2. In group 1, the most prominent effect reported by the patients was slowing down hair loss in 13/15 (86.67%) patients, followed by moderate increase in hair growth in 10/15 (66.67%). Slowing down of hair loss and increase in hair growth in group 1, was mostly due to modification of hair cycle dynamics in response to DST resulting in prolongation of anagen phase, and so fewer hairs are in telogen phase. The overall satisfaction in group 1 showed that 5/15 (33.33%) of patients were satisfied and 7/15 (46.67%) were neutral. This may be related to the impact of the disease on the psychological and social activities of patients, thereby reducing their quality of life (17) . Regarding patient's self-assessment; our results agreed with a previous study by Abdallah et al.
(8) on 14 male patients with AGA treated with mesotherapy using DST 0.05-containing solution; as 6/14 (42.86%) of the patients reported above 50% improvement in hair growth with significant decrease in the rate of hair fall, and 13/14 (92.9 %) showed improvement more than 50% in scalp covering. On the contrary; patients selfassessment in the study by Sobhy et al. (9) reported no statistically significant difference between the three groups (mesotherapy of pure DST 0.005%, DST 0.05-containing solution, and placebo) regarding satisfaction due to cessation of hair loss and the noticed improvement. This may be related to the psychological aspect of therapy . As regard the investigator assessment; 9/15 (60%) in group 1 showed slight increase in the hair density however, not sufficient to produce change in the Norwood-Hamilton classification. There was a statistically significant difference favoring group1 than group 2 in which 13/15 (86.67%) reported no change at all in hair density. The lack of change in the Norwood-Hamilton classification in our study may be explained by severer miniaturization of HF in frontal and temporal hairlines and regrowth of new scalp hair requires longer time for correction. Evaluator assessment in a study by Dhurat et al.
(6)
, 40/50 (80%) of the MN with minoxidil group showed improvement (+2 or +3 on the evaluator seven-point scale) compared to none (0/50) of the minoxidil alone group. Another study by Dhurat and Mathapati (12) evaluated the boosting effect of MN on four men with AGA who were on oral FIN and topical 5% minoxidil therapy with no improvement. Authors reported that with the addition of MN along with the patients' ongoing therapy; investigators assessment was (+2 or +3 on the evaluator seven-point scale). Based on the previous results which come in favour of MN along with minoxidil 5% , or MN with FIN and minoxidil 5% solution (12) , it might be suggested that hair growth in these studies not mainly due to MN monotherapy, but it may be due to coexisting FIN and minoxidil, which already have an approved role in terms of arresting of ongoing hair loss and new hair regrowth
(8)
. Dermatologic side effects reported in the current study were minimal and did not differ between the two groups, except for itching which was reported only in group 1 in 5/15 (33.33%) of patients and it may be related to topical DST. The most frequent dermatologic side effect was pain affecting 13/15 (86.67%) of patients in group 1, and 10/15 (66.67%) of patients in group 2. Pain was relieved shortly after the end of the session in almost all patients. Mild headache in was reported in 2/15 (13.33%) in group 1 which lasted for one to two days. None of the patients reported tightness, infection, ecchymosis, or puffed eyes. These results are consistent with the previous study; of mesotherapy using DST-containing solutions; by Abdallah et al. . However; when compared with oral DST used in a study carried by Andriole and Kirby (18) , who reported a modestly elevated incidence of erectile dysfunction, decreased libido, ejaculation disorders, and gynaecomastia in the group who received DST 0.5 mg/day and that was statistically significant as compared to placebo. On the contrary; Eun et al. (19) revealed that no significant difference was observed between the two studied groups (group received 0.5 mg/day DST and group received placebo) in terms of sexual function. In addition to confirm safety of topical DST and the possibility of systemic absorption, assessment of serum testosterone and DHT were done. There was decline in serum DHT after treatment with minimal increase in serum testosterone levels, although systemic absorption took place but the change was statistically insignificant, and the levels were still in the normal range. This could be attributed to the wide normal range of serum testosterone (0.47-9.8 ng/ml) and DHT (250-990 pg/ml). These results matched with the previously mentioned results by Sobhy et al.
(9) with mesotherapy using DSTcontaining solutions. However; when compared with systemic DST therapy, a previous study conducted by Amory et al.
(20)
; on 99 healthy men receiveing 0.5 mg DST; documented significantly suppression in serum DHT and transiently increase serum testosterone. Also Olsen (21) found that scalp and serum DHT levels significantly decreased, and testosterone levels significantly increased after systemic DST. Limitations of our study were the small sample size and the short follow-up period. Further studies with larger number of patients are recommended. In conclusion; topical DST with MN is a promising tool in HF stimulation in male AGA resulting in reduction or cessation of hair loss and partially promotion of new hair growth. The role of trauma or therapeutic wounding of MN is mild in treatment of male AGA, and MN should not be used as monotherapy but MN may add value when combined with other therapies. 
